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Abstract 

The incidence of autoimmune inner ear disease (AIED) is difficult to determine: probably it is a rare disease, accounting for 
< 1% of all cases of hearing impairment or dizziness. Nevertheless, the diagnosis of AIED might be overlooked because of 
the lack of a specific diagnostic test. The hallmark of this clinically diagnosed condition is the presence of a rapidly 
progressive, often fluctuating, bilateral sensorineural hearing loss (SNHL) over a period of wrecks to months. The 
progression of hearing loss is too rapid to be diagnostic for presbycusis and too slow to conclude a diagnosis of sudden 
SNHL. Vestibular symptoms, such as generalized imbalance, ataxia, positional vertigo and episodic vertigo may be present 
in almost 50% of patients. Occasionally only one ear is affected initially, but bilateral hearing loss occurs in most patients, 
with symmetric or asymmetric audiometric thresholds. Almost 25-50% of patients also have tiimitus and aural fulbiess, 
which can fluctuate. Systemic autoimmune diseases coexist in 15-30% of patients. 
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Introduction 

The concept that the inunune system may have a 
role in some idiopathic hearing loss was introduced 
during the early decades of the last century by 
Joaimovic and Masugi [1,2]. In 1958 Lehnard [3] 
suspected that some cases of sudden bilateral hear- 
ing loss could be related to the production of 
anticochlear antibodies. Kikuchi [4], in 1959, wrote 
of 'sympathetic otitis', whereby surgery on one ear 
affected hearing in the other. He proposed auto- 
immune phenomena as the aetiology. In 1961 
Beickeirt [5], and 3 years later Terayama [6] pre- 
sented data supporting autoimmunity in experimen- 
tal guinea pig cochleae. Different aetiological 
hypotheses related to immunological mechanisms 
were proposed in the subsequent years by other 
au±ors [7-9]. In 1960 Cody and Williams [10], 
while dealing with Cogan's S3mdrome5 hypothesized 
that this syndrome should not be confined only to 
the cornea and Vin cranial nerve, but should 
probably be a part of a generalized disease, char- 
acterized by vascular alterations and identifiable as a 
collagen disease. In 1979 McCabe [11] first de- 
scribed a cohort of 18 patients with bilateral asym- 



metric hearing loss progressing over weete to months 
which responded to steroid therapy. He proposed the 
definition of autoimmune hearing loss and asserted 
the importance of a high index of suspicion in these 
patients since, if diagnosed early, diey could be 
treated and their hearing preserved. His work 
stimulated research into this topic. At the same 
time Harris and Ryan [12] recommended caution in 
determining the relationship of inununological phe- 
nomena to ear disease aetiology. Based on the 
immimological criteria published by Rose and 
Bona [13] 5 Gloddek and Arnold [14] suggested 
that the diagnosis of an autoimmune disease relies 
on three levels of proof which are, in descending 
order of importance: (i) direct proof; (ii) indirect 
proof; and (iii) circumstantial evidence. Direct proof 
means Ae induction of disease in humans by 
transferring autoantibodies or autoreactive T cells, 
which is ethically imacceptable. Indirect proof de- 
rives from the induction of autoimmunity in animal 
models, using transfer of autoantibodies or reactive 
cells. As stressed by Yoo and Yazawa [15], experi- 
mental animal diseases and inmiunopathological 
manifestations in the natural human should parallel 
each other. Circumstantial evidence refers to: (i) the 
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association with other autoimmune disease, (ii) 
lymphocytic infiltration of the target organ, which 
is impossible to access because the iimer ear is not 
amenable to diagnostic biopsy, (iii) genetic restric- 
tion to hearing loss and automunune disease and (iv) 
response to immunosuppressive therapies [14], 
Nowadays experimental models of autoimmune 
hearing loss have been developed in a variety of 
animals [14,1 6, 17]. The correlation between experi- 
mental models in animals and serological findings in 
human might be significant [18]. Several studies 
seem to demonstrate that genetically controlled 
aspects of the immune system may increase or 
otherwise be associated with increased susceptibility 
to different inner ear diseases [19]. Moreover, 
autoimmune activity in patients with idiopathic 
hearing loss has been assessed by the migration 
inhibition test [11], enzyme-linked immunosorbent 
test (EUSA) [20,21], lymphocyte transformation 
test [22,23], immunofluorescence microscopy 
[23,21] and immunoblorting [24,25]. 

A wide variety of antibodies against different ear 
tissue have been detected. However, the recognition 
of multiple antigens did not identify any one as being 
the specific target in autoimmune inner ear disease 
(AIED) [17]. As suggested by Soliman [26], the 
large variety and variability of the observed iimer ear 
antibodies does not always support the cause-and- 
effect link needed to demonstrate the correlation 
between antibodies and inner ear disease. Howeva:, 
based on all these clinical and experimental data 
there is today strong evidence of immune mechan- 
isms in human inner ear disease. 

The immune system of the inner ear 

Historically the brain was thought to be protected 
from immune response by the blood-brain barrier, 
and the inner ear was considered an immune- 
privileged site. Since then evidence has been accu- 
mulating that both the brain and the inner ear are 
involved iii processes of immune surveillance and 
action. The inner ear has an immune syst^ with 
immunocompetent cells and trafElcidng of antibodies 
[12]. 

Hie hypothesis that the endolymphatic sac (ES) 
might have a predominant role in the local immune 
response was first proposed by Lim and Silver in 
1974 [27]. 

Once the inner ear has been activated by antigenic 
stimuli different immunocompetent cells seem to 
develop in the ES or to mobilize fi:om systemic 
circulation penetrating the blood labyrinthine bar- 
rier. The presence of macrophages, B cells and T 
cells in the ES and in the perisaccular space has beoi 



demonstrated by several authors in humans and 
animals [28-30]. 

Sev^l studies using immunohistochemical meth- 
ods have been concerned with the anatomical 
localization of the different immtmocomponent cells. 
T helper (CD4) cells predominate in the ES, while 
CDS cells are normally scanty, but the relationship 
between T-helper CD4 and CDS cells may be 
inverted in case of chronic antigen stimulation as 
in the presence of acoustic neuroma [30] . Infiltration 
and trafficking of leukocytes in the inner ear has 
been largely investigated as an important feature of 
immune and inflammatory processes, that in most 
unfavourable cases can finally result in cochlear 
fibrosis or osteogenesis. The blood vessels of the 
spiral modiolar vein (SMV) adjacent to the scala 
tympani are the initial site througji which lympho- 
cytes enter the inner ear, in response to different 
stimulation: e.g. viral infection, acoustic trauma or 
vascular damage. As early as 6 h post-stimulation 
cells acctunulate around and within the SMV and 
then began to stream into the scala tympani along 
the bony canaliculi containing the collecting venules 
[31]. 

The control of lymphocyte entry into the irmer ear 
is not well understood. The ES is probably critical in 
lymphocyte recruitment signals to the labyrinth. 
Tomiyama and Harris [32] demonstrated that obla- 
tion of the ES reduces immune responses in the 
cochlea. A reaction of ES lymphocytes to antigens 
probably determines the release of a diffusible 
mediator, perhaps an interleukin. In fact, interleu- 
kin'2 (ILr2) is not present in the perylimph in the 
resting state, but is produced during immune 
responses. 

The peak rise of 11^2 in the perilymph is reached 
at 18 h following antigen stimulation, and declined 
over a 5-day period [33], well in accordance with 
the entry of helper T cells and macrophages. 
Furthermore, another mediator such as intercellular 
adhesion molecule (ICAM-1) reaches a maximum 
level on the epithelium of the SMV and collecting 
venules by day 2 and then gradually reduces. Yeo et 
al. [34] demonstrated that antigens in the scala 
tympani may flow to the ES, where they may be 
presioited by macrophages to the systemic immune 
system. 

As regards immunoglobulin, it has been demon- 
strated that predominantly IgG, with lesser amoimts 
of IgM and IgA, are present in the perilymph of 
humans and in experimental animals [35], but their 
origin is still debatable. Mogi et al. [36] demon- 
strated that immunoglobulin in the perilymph might 
come largely from perilymphatic blood vessels rather 
than firom the cerebrospinal fluid. 
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Autoimmune inner ear disease (AIED) 

Viral infection, trauma, vascular damage and im- 
mune mechanisms are all involved in the aetiopatho- 
genesis of inner ear damage. An immune-mediated 
reaction does not always have negative effects: 
systemic immunization with vital antigens may 
protect the inner ear from a later viral infection 
[37]. However, as inner ear cells are delicate and 
have limited abilities of repair and regeneration, 
immunity should be closely regulated, A disruption 
of regulating mechanisms may cause substantial 
damage to the iimer ear structures, as demonstrated 
either in animal models or in human diseases. There 
is today substantial evidence of autoimmime me- 
chanisms in some of the iimer ear disease entities, 
including Meni«:e*s disease, otosclerosis, progressive 
sensorineural hearing loss (PSHL) and sudden deaf- 
ness. Furthermore, in several systemic autoimmune 
diseases the vestibulo-cochlear system may 
be affected. Yoo and Yazawa [15] identified lists of 
ear diseases with probable immunological features 
(Table I) and autoimmune diseases affecting hearing 
(Table II). The clinical features of these conditions 
may be very different regarding unilaterality or 
bilaterality, characteristics of oi^et, ratio of auditory 
versus vestibular involvement, rate of progress and 
response to therapy [38]. An increasing body of 
experimental studies has investigated the role of 
cellular, humoral and/or genetic factors. Probably 
the inner ear response is basically cellular, which has 
been suggested in several animal models, with 
recruitment of inflammatory cells toward the co- 
chlea. There is clear evidence that the chronic 
activation of helper T lymphocytes reactive against 
self-proteins is the mechanism that maintains the 
destructive autoimmime process. Why this occurs is 
still debatable. 



Table I. Ear diseases with immunc^ogical features. 



Region of ear 



Disease 



External ear Auricular chondritis 

Relapsing poUchondritis 

Tympanic membrane Tympanosclerosis 

Eustachian tube Autoimmune salpingitis 

Middle ear Otosclerosis 

Secretory otitis media 
Necrotizing otitis media 
Cholesteatoma 

Iimer ear Autoimmune sensorineural hearing loss 

Meniere's disease 

Otosclerosis 

Cochlear vasculitis 

Sudden hearing loss 
Retrocochlear Autoimmune centrsd nervous 

system i 



Table II. Autoimmune diseases affecting hearing. 

Relapsing polychondritis 
Systemic lupus eryAematosus 
Disseminated vasculitis 
Rheumatoid arthritis 
Sjogren's syndrome 
Systemic sclerosis 
Myasthei^ gravis 
Hashimoto^ thyroiditis 
Goodpasture's syndrome 
Vogt-Koyanagi-Harada synth-ome 
Ccgan's syndrome 
Behcet's disease 
Sarcoidosis 

Wegener's granulomatosis 



The ^cross-reactions' theory is presently the most 
favoured: antibodies or rogue T cells cause acciden- 
tal iimer ear damage because the ear shares common 
antigens with a potentially harmful substance, virus 
or bacteria that the body is fighting ofif. Another 
mechanism is involved in the so-called sympathetic 
cochleolabyrinthitis that has been reproduced in 
animal models [14]. In the eye there is an analogous 
syndrome, 'sympathetic ophthalmia', where follow- 
ing a penetrating injury to one eye, the other eye may 
go blind. As a consequence of viral infection, 
acoustic or physical trauma, vascular damage or 
operative intervention of the inner ear, lymphocytes 
become sensitized as a result of exposure to proteins 
in the damaged cochlea. Under normal conditions 
these anatomically sequestered proteins are recog- 
nized as 'foreign' and serve as an antigen, resulting 
in the sensitization of lymphocytes. These cells 
recirculate as 'memory' lymphocytes ~ the donor 
cells in the animal experiment - and reach the 
intact contralateral cochlea. This results in an im- 
mune response and destruction of the organ. The 
induction of disease in humans by transferring 
autoantibodies or autoreactive T cells is ethically 
unacceptable and the ear is not amenable to diag- 
nostic biopsy. For these reasons experimental animal 
models have been widely employed in attempts to 
verify the mechanisms of autoinunune hearing loss. 
Injection of antigen into an animal that has not been 
previously sensitized produces modest, transient, or 
no hearing loss and minimal inflammation [39], 
Secondary immune response animals develop much 
higher antibody levels than primary animals. The 
associated inflammation can lead to substantial 
damage in the iimer ear and moderate to severe 
hearing loss [40,41]. This is not seen in control 
animals inuntmized with proteins from another 
tissue. These models have been developed using 
the following antigens: type II collagen [42] type IX 
collagen [43], Po protein [44] and tubulin [45]. 
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A wide variety of antibodies against different ear 
tissues has been studied in the last two decades: 
antibodies to 68-72 kDa inner ear antigen have been 
detected in the sera of affected individuals [24,46- 
48], Patients with positive test results for these 
antibodies were more likely than those with negative 
results to have hearing loss that reloaded to 
immunosuppressive therapy [46347], In the same 
year two groups [49,50] reported that the 68-kDa 
protein seemed to be heat shock protein 70 (hsp 70). 
Heat shock proteins are constitutively produced by 
host and pathogens and usually are up-regulated in 
response to infection or other stresses, including 
heat, ischaemia and toxic agents. However, since 
then hsp 70 has not held up as a high-probability 
inner ear target antigen and in recent years this 
hypothesis has been proved wrong by experimental 
data [51-53]. 

Thomas Carey's group developed monoclonal 
antibodies to cells isolated from the guinea pig organ 
of Corti and observed that mice carrying the Kresge 
Hearing Research Institute-3 (KHRI-3) antibody 
developed hearing loss [54] . In the guinea pig organ 
of Corti, the KHRI-3 antibody binds to supporting 
cell with a distinctive 'wine glass' pattern. Patients 
with suspected AIED often have antibody that binds 
to guinea pig inner ear supporting cells with the 
same wine glass pattern [48]. Furthermore, infusion 
of purified antibody into die cochlea yields in vivo 
binding to supporting cells in the organ of Corti that 
is accompanied by loss of outer hair cells, loss of 
hearing, and redistribution of the antigen in the 
regions of hair cell loss [54,55]. Recendy, Carey*s 
group [53] has isolated the guinea pig inner ear 
supporting cell antigen (lESCA) and sequenced it by 
mass spectroscopy, demonstrating that it contains 
multiple peptides identical to those in human *cho- 
line transporter-like protein 2' (CTL2). The overall 
CTL2 sequence in guinea pig and humans diverges, 
as expected for species that are evolutionarily distant 
from one another, but for the most part the 
sequences are identical at DNA (86%) and protein 
(90%) levels, suggesting that the function is the same 
in both species [53]. Choline is required either for 
biosynthesis of acetylcholine, which is an important 
neurotransmitter in the inner ear, or for biosynthesis 
of phosphatidylcholine, a major component of 
membranes necessary for all cells. Most probably 
CTL2 complex provides something to supporting 
cells that is essential for hair cell survival. In 
conclusion, there is a mounting evidence that the 
target antigen of 68 kDa antibody is not the hsp 70 
(as believed for the last 15 years), but the CTL2 
protein. 

There is evidence for cytokines in the cochlea 
including ILrlA, tumour necrosis factor (TNF)-a, 



NFkB P65 and P50, and IkBa [56]. In general, Thl- 
type cytokines (interferon-y, IL-2) perpetuate the 
inflammatory response to autoimmunity lesions, 
whereas Th2-type cytokines (IL-4, IL-10, etc.) 
seem to control the inflammatory response. 

As regards genetic factors there is evidence that 
genetically controlled aspects of the immune system 
may increase or otherwise be associated with 
increased susceptibility to common hearing disor- 
ders such as M&ii^'s disease (MD). Bernstein 
and associates [57] reported that 44% of patients 
with MD, otosclerosis and striatal presbyacusis had 
one particular extended MHC haplotype (Dqw2- 
Dr3-c4Bsf-C4A0-Gll: 15-Bf:0.4-C2a-HSP70:7.5- 
TNF), compared with only 7% of controls. Sudden 
hearing loss in Koreans that does not recover is also 
associated with HLA-DRB1*04, DQAl 03 and 05 
[58], Melchiorri et al. [59] found a strong increase 
in the frequency of the HLA-Cw*07 alleles in MD 
patients (63.4%) when compared with healthy 
controls (35.6%) or with patients affected by other 
internal ear diseases (32.3%). On the other hand, a 
recent study by Lopez-Escamez and others [60] 
performed in Spain found no difference in HLA 
antigens between 54 patients with definite MD and 
normal controls. The genetic background of HLA 
studies is important and it is possible that one 
group might find HLA differences which are not 
found in another. These data are thus conflicting. If 
there is indeed an association with HLA, at least in 
certain populations, it would suggest that more of 
MD and other progressive syndromes may be 
caused by inimtme dysfunction than is generally 
considered at present. It is important to remember 
that HLA typing is relevant when considered in the 
context of the patient's genetic background. In 
other words, results of studies of Korean subjects 
for example, such as reported by Yeo et al. [58], 
may not apply to persons of non-Korean ethnicity. 

Recentiy new gene products, expressed by CD4 + 
T cells during the induction of the state of anetgy, 
have been identified [61] . By studying their potential 
role in the maintenance of tolerance induced by 
inunimotherapy, it might be possible to develop new 
therapeutic strategies. 

In the pathogenesis of AIED, there is clear 
evidence that collagen represents one of the most 
important antigens. In 1982 Yoo et al. [62] demon- 
strated a raised level of serum antibodies to 
bovine type II collagen in 5 of 12 patients with 
otosclerosis. In the following years several authors 
reported the association between type n collagen 
antibodies and different inner ear diseases such as 
MD, otosclerosis, idiopathic progressive sensori- 
neural hearing loss (PSNHL) and sudden deafriess 
[63,64]. Furthermore there is acperimental evidence 
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that the autoimmune inner ear disease provoked in 
animals by these antibodies closely resembles the 
AIED in humans [65-67] . Direct infusion of mono- 
clonal antibody against CBl 1 peptide in the cochlea 
produces endolymphatic hydrops [67], Yoo et al. 
were successful in producing ear lesions by transfer- 
ring, through serum exchange, collagen type XT- 
induced antibodies from immimized rats to normal 
recipients. Type II collagen autoimmunity has also 
induced hearing loss and imbalance in non-hunian 
primates [68]. 

MD has been ascribed to different causes, includ- 
ing immune-mediated or even autoinunune mechan- 
isms. The last hypothesis is supported by many 
experimental data: (1) hydrops can be induced 
experimentally by injection of antigens or mono- 
clonal antibodies; (2) the presence of antibodies to 
iimer ear antigens, e.g* type II collagens, 30 kDa 
protein, c-Raf, P-tubulin, 68 kDa protein has been 
demonstrated; (3) the deposition of circulating 
immime complexes may produce inflammation and 
interfere with the sac's filtering capability; (4) anti- 
viral antibodies and lymphocyte blastogenesis have 
all been demonstrated; (5) certain D-related loci 
may be associated with MD; (6) the endolymphatic 
sac is the site of the immune response of the amer 
ear and is also the site mostly involved in MD 
pathogenesis; it may be a target of mediators released 
from systemic inhalants or food reactions; (7) the 
temporal bone changes are associated with immu- 
nological changes; (8) efficacy of stieroid treatment. 

Incidence and clinical features 

Incidence of AIED is difficult to determine and 
controversial: probably it is a rare disease, accoimt- 
ing for < 1 % of all cases of hearing impairment or 
dizziness. Nevertheless, the diagnosis of AIED might 
be overlooked because of the lack of a specific 
diagnostic test. The disease seems more common 
in female than in male patients and most often initial 
onset of symptoms occurs between 20 and 50 years 
of age. Females between the ages of 1 7 and 42 years 
represent 65% of the cases reported by Hughes et al. 
[22]; 20% of die patients in this study later 
manifested signs of systemic autoinmiune disease. 
Regarding MD, it seems possible that about 16% of 
bilateral cases and 6% of any other cases of this 
disease may be due to immune dysfunction. 

The hallmark of diis clinically diagnosed condition 
is the presence of a rapidly progressive, often 
fluctuating, bilateral SNHL over a period of weeks 
to months. The progression of hearing loss is too 
rapid to be diagnostic for presbycusis and too slow to 
conclude a diagnosis of sudden SNHL. Vestibular 
symptoms, such as generalized imbalance, ataxia, 



motion intolerance, positional vertigo and episodic 
vertigo may be present in almost 50% of patients. In 
tiiie McCabe series [11] two-thirds of the patients 
had low grade vestibular symptoms without spells. 
OccasionaUy only one ear is affected initially, but 
bilateral hearing loss occurs in most patients 
(79%), with symmetric or asymmetric audiometric 
thresholds. Almost 25-50% of patients also have 
tinnitus (ringing, hissing, roaring) and aural fullness, 
which can fluctuate. Systemic autoimmuiie diseases 
(Table 11) coexist in 15—30% of patients, occasion- 
ally affecting the external ear skin. Facial palsy, 
as well as tissue destruction of the tympanic mem- 
brane, middle ear and mastoid may also occur. 
Nevertheless, the physical examination of the ear is 
usually normal. 

Laboratory studies 

While specific tests for autoimmunity to the iimer ear 
would be desirable, at the time of writing there are 
none that are both commercially available and 
proven to be useful. Antigen-spedfic tests include: 
migration inhibition test (MIT), lymphocyte trans- 
formation test (LTT) and Western blot analysis for 
antibodies to iimer ear antigen. MTF is a gross test 
for cell-mediated immunity and was first used by 
McCabe [11], Its use is limited because of inherent 
techtxical diflSculties. The LTT measures the re- 
sponse of the patient*s sensitized lymphocytes to 
known inner ear antigens. The patient's lymphocytes 
are exposed to serum containing inner ear antigens. 
A proliferative response occurs and is compared to 
that of known negative control lymphocytes. Mea- 
surement is made by recording the incorporation of 
tritiated thymidine into new DNA as cell synthesis 
occurs. This test was first used by Hughes et al. [22] 
in patients with idiopathic PSNHL. Results are still 
controversial, Berger et al. [69] demonstrated posi- 
tive results in half of the 68 patients with PSNHL, 
and Hughes et al. [70] found testpositivity in 19% of 
their patients. On the other hand Harris and Sharp 
[24] found no significant difference between the 
patients and the control group. 

A commercially available test, called *anti-68 kD 
(hsp 70) Western blot' was reported to detect a 
local autoimmune inner ear process in the absence 
of any systemic autoimmune process and to be 
correlated with steroid responsiveness [46], The 
test uses purified hsp 70 kDa antigen firom bovine 
kidney cell line and is based on the assumption 
that the 68 kDa protein is the hsp 70. Unfortimately, 
as discussed above, this assimiption proved to 
be wrong. Furthermore, the sensibility reported 
in different studies is either very low (22% in a 
study by Gottschlich et al. [47]) or positivity is 



Immune-mediated inner ear disease 1017 



similar in patients with clinical AIED and the normal 
population [51,71], 

At present it is generally felt that LTTand antic- 
ochlear antibody blood tests are not useful. 

Identification of antibody to an inner ear support- 
ing cell antigen with immunofluorescence (IF) 
microscopy [21,23] of guinea pig cochlea may have 
value in the diagnosis of patients with AIED, 
although not in current clinical practice. This 
technique has been shown to be more sensitive and 
specific than Western blot [72,73]. Patients with IF- 
positive senmi are nearly three times more likely to 
experience improved hearing with corticosteroid 
treatment than those who are IF-negative [72]. For 
the moment, diagnosis of AIED is generally based 
either on clinical criteria, or a positive response to 
steroids, or evidence firom broader tests of auto- 
immunity. A non-specific antigen screening test is 
useful for evidence of systemic immimologic dys- 
function, yet does not strictly correlate with a 
diagnosis of immune-mediated inner ear disease. In 
clinical practice the antigen-non-specific tests 
usually recommended are as follows, (1) Blood tests 
for autoimmune disorders: levels of circulating im- 
mune complexes, sedimentation rate, ANA, Raji 
cell, rheumatoid factor, complement ClQ, smooth 
muscle antibody, TSH and anti-microsomal anti- 
bodies, anti-gliadin antibodies (for coeliac disease), 
HLA testing. (2) Blood tests for conditions that 
resemble autoimmune disorders: FTA (for syphilis), 
Lyme titre, HBAIC (for diabetes, which is often 
autoimmune-mediated), HIV (HIV is associated 
with auditory neuropathy). 

Brookes [74] described raised levels of circulating 
immime complexes (CIC) in patients with PSNHLj 
sudden hearing loss and MD. Other studies demon- 
sn-ated raised CIC levels [75,76]. 

Furthermore, Brookes [74] also reported that C3c 
and Clq levels are significantly raised in MD; 

27 (45.8%) of 59 patients with MD had at least 1 
serum autoantibody^ compared with 8 (27.6%) of 
the 29 controls (p <0.02). The most common 
autoantibodies were antinuclear antibody in 17 
patients, antithyroglobulin antibody in 9 patients 
and anti-smooth muscle antibody in 9 patients. Also 
in patients with PSNHL the incidence of antinuclear 
and antithyroid antibodies was high, whereas the 
same antibodies were absent in patients with sudden 
hearing loss. 

Medical therapy for AIED 

Treatment for AIED seems to be changing rapidly 
and new protocols are constantiy being attempted. 
As the natural history of untreated immtme- 
mediated iimer ear disease is unknown the efficacy 



of these protocols is evaluated on empirical clinical 
data gadiered during the last two decades. The 
mainstay of this treatment is the positive response 
to anti-inflammatory drugs, particularly corticoster- 
oids, in term of improved hearing. In McCabe's 
clinical study [11] and in several subsequent ones 
[63,77] the efficacy of immunosuppressive therapy is 
well demonstrated in a vast subset of patients. In 
cases with a classic rapidly progressive bilateral 
hearing impairment, an initial treatment with high- 
dose steroids (prednisone or dexamethasone) is 
generally tried, assuming that there are no contra- 
indications such as peptic ulcer disease, diabetes, 
glaucoma, hypertension or history of tuberculosis. 
These cases are analogous to rapidly progressive 
glomerulonephritis in that inner ear inflammation 
progresses to severe, irreversible damage within 3 
months of onset (and often much more quickly). 
Thus, these patients are treated with a sense of 
urgency, A standardized regimen for steroid therapy 
does not exist, yet many recommend prednisone, 
1 mg/kg/day for 4 weeks followed by a slow taper 
over several weeks to a maintenance dose of 10- 
20 mg/day or every other day. Shorter-term or low^ 
dose long-term therapy has either been ineffective or 
appears to increase the risk of relapse. Patients often 
learn what maintenance dose is necessary to preserve 
hearing as disease activity often waxes and wanes. If 
hearing suddenly worsens or tinnitus reappears in 
one or both ears during the taper it is an indication 
to repeat the initial high dose treatment- Never- 
theless, not all patients respond to corticosteroid 
therapy in the same manner: some demonstrate 
improvement in threshold, discrimination scores or 
both, while others have fluctuation without a definite 
improvement and still others progress to profound 
hearing loss despite aggressive immunosuppressive 
treatment. Steroid treatment is inexpensive, but in 
some patients it is difficult to maintain because of 
side effects or because hearing loss becomes refrac- 
tory to them. In most cases of patients with no 
response to steroids within 6-8 weeks, a cytotoxic 
chemotherapy type of medication such as metho- 
trexate (MTX) and cyclophosphamide has been 
used over the long term [78,79]. These agents are 
associated with considerable toxicity and adverse 
effects: myelosuppression, haemorrhagic cystitis, in- 
fertility and increased risk of malignancy. Further- 
more, a recent multicentric study has demonstrated 
that MTX was no more effective tiian placebo in 
maintaining the hearing improvement achieved with 
prednisone treatment [77]. When dealing with 
cytotoxic drugs the following consultations are 
recommended: rheumatologic, immunologic and 
haematological. Furthermore, these consultations 
in addition vnth ophthahnolo^c and neurological 
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ones are useful in ruling out systemic diseases. As 
suggested by Ryan et al, [80] it is questionable 
whether every suspicious case should be treated with 
these powerful drugs: the decision regarding when 
and how to treat should always be multidisciplinary. 
The normal oral dose of MTX is 7.5-20 mg weekly 
wi± folic acid, and with this dosage MTX seems to 
be less toxic and to be associated with a lower risk of 
neoplasia in respect to cyclophosphamide. However, 
the patient needs to be regularly monitored by means 
of complete blood count, platelet count, determina- 
tion of urea nitrogen and creatinine levels, liver 
function tests and urinalysis. Cyclophosphamide in 
addition to steroids has been recommended by 
McCabe [11] as a first-line treatoient widi die 
following regimen: intravenous cyclophosphamide 
5 mg/kg per day for 2 weeks, followed by a rest 
period of 2 weeks, and than a final 2 weeks of in- 
fusions; in addition dexamethasone 16 mg/day orally 
for 2 months, followed by tapering to 2-4 mg over 2 
months. Steroids are continued for 6-24 months, 
depending on symptoms. Liberal amounts of fluid 
intake are recommended and again peripheral blood 
counts at regular intervals. Administration in chil- 
dren and young people must be avoided because of 
the risk of permanent sterility. If speech discrimina- 
tion scores increase by 20% or pure tone average 
improves by 15 dB, therapy is continued for 3 
months. Cyclophosphamide is tapered first followed 
by steroids. If symptoms recur both drugs are 
restarted. Three-month cycles are continued until 
patients can be weaned. No patient required more 
than 24 months of treatment in McCabe's study 
[11]. In 1989 Luetje and Berliner [81] introduced 
the use of plasmapheresis in patients with AIED. 
Improvement of auditory function occurred in six of 
eight patients, three of whom were able to discon- 
tinue immimosuppressive medication. In plasma- 
pheresis blood taken from patients is centrifiaged to 
remove the plasma with antibodies, antigens^ im- 
mvme complexes and other immune mediators. Cells 
are saved and resuspended in normal fresh plasma or 
albumin in saline and returned to the patients. 
Plasmapheresis is expensive and is only suitable for 
disorders mediated by antibodies or immune com- 
plexes. Treatments are given three times weekly for 
2 weeks followed by once weekly for 4 additional 
weeks. Although it may reduce the autoantibody's 
effects by 65% by removing approxiinately 2500 ml 
of plasma, it is actually considered an adjimctive 
therapy. Hughes advises plasmapheresis for those 
patients who are unresponsive to steroids and 
Cytoxan after 6-8 weeks at the doses stated above. 

Antagonists against proinflammatory cytokines^ 
such as IL-I and TNF have being tested. Among 
them, etanercept (Enbrel), a TNF receptor blocker 



drug, initially seemed to demonstrate good efficacy 
[82,83], but in new trials the results were no better 
than placebo [84>85]. Etanercept 23 mg is given as 
an injection twice a week for 8 weeks; presentiy it is 
very expensive and in short supply and its applica- 
tion remains to be further investigated. Immuno- 
suppressive drugs like cyclosporine A and FK 506 
are also used to block T-cell activation. Several 
experimental therapies have been studied. In ani- 
mals, attempts have been made to induce tolerance 
by administration of antigens that cause autoimmu- 
nity or peptide competition: variants of AIED have 
been treated with oral collagen [86]. Oral toleriza- 
tion to antigen has been applied to autoimmune 
disease patients, although the exact mechanisms 
involved are still not clear. Most probably active 
suppression and clonal anergy or clonal deletion are 
the main mechanisms of oral tolerance. Several 
antigens have been given orally to patients, such as 
bovine myelin basic protein (MBP) to patients with 
multiple sclerosis, or type II collagen to patients with 
rheumatoid arthritis. For these reasons, the identi- 
fication of autoantigens in AIED is of paramount 
importance for better management of these patients. 
Monoclonal antibodies against surface antigens (e.g. 
CD3) or the T-cell receptor might be used to block 
lymphocytes. Local application of steroids in animal 
middle ear led to higher and more sustained 
perilymph levels than systemic treatment [87], In 
humans, however, round window application of 
difierent inununosuppressive drugs via an osmotic 
mini-pump was ineffective in reducing immune- 
mediated hearing loss [88]. It is reasonable to 
suspect that while systemic treatment reduces circu- 
lating leukocytes and lymphocytes, local treatment is 
unable to reduce the entry in the middle ear of these 
cells, which may become irresponsive to treatment, 
once highly activated in the ear. The aim of local 
treatment should be a blockage of immune and 
inflammatory cells trafficking into the irmer ear. 
ICAM-1 is a molecule present on activated endothe- 
lial cells that recruits lymphocytes into the iimer ear 
[89]. Intravenous anti-ICAM-1 has been proven to 
reduce the recruitment of leukocytes into the scala 
tympani, the Vlllth nerve and die perivascular 
spaces aroimd the vessels of the SMV and modiolar 
vdns [90]. 
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